A common health-care problem worldwide, urinary tract infection (UTI), represents a disease of significant impact on every country's economy, being the most common cause of hospitalization among elderly people and the most common cause of antibiotic prescription in primary care. Diagnosing and managing upper and lower UTI have always been a challenge to physicians, given its high prevalence, risk of recurrence and improper treatment, and the fact of worldwide increase in antibiotic resistance, necessitating implementation of a proper antibiotic stewardship. Urinary infections are twice more likely to occur in females compared to males and its prevalence increases with increasing age. The following is a comprehensive review paper about UTI in females, discussing the various factors leading to a complicated infection. The various etiologies and microbiologies of UTI are also highlighted. In addition to various usual antibiotic regimens for treating UTI, a significant number of nonantimicrobial treatment modalities are highlighted and described in this manuscript, including the novel use of intravesical antibiotics and vaccines for suppression treatment. Finally, a pathway is suggested for the proper diagnosis and treatment that ensures antibiotic stewardship in order to decrease long-term complications.
INTRODUCTION
Urinary tract infection (UTI) is a common complaint encountered in outpatient setting, whether primary care or specialist clinic. It is imperative for the clinician to have a comprehensive grasp on the epidemiology, physiology, pathophysiology, and treatment strategies of UTIs. Another frequently encountered entity, especially in the specialty clinics, is resistant bacteria causing UTI and recurrent UTIs. This challenging entity is further complicated with the increasing rates of bacterial resistance and the increasing fear of extended spectrum beta-lactamase and multidrug resistant organisms. The authors reviewed UTI in females with emphasis on antimicrobial and non-antimicrobial treatment strategies.
The differentiation between complicated [ Table 1 ] and uncomplicated UTI [9] has clinical importance for duration and type of treatment that will be tackled in the discussion part later on. In general, uncomplicated UTI is present in patients with no anatomical or functional abnormalities in their urinary tract system. UTI can be characterized into either first, unresolved, or recurrent infections. A first UTI is one that occurs in a person with no previous or a remote infection. An unresolved UTI is a re-infection with the same bug and similar antibiogram to a previous UTI treated with appropriate antibiotics. A rUTI occurs after resolution of the previous infection. [8] Conflicting definitions for rUTIs exist; however, most specialists agree that to be considered recurrent, the patient needs to have suffered more than two episodes in the last 6 months or more than three episodes in the past year. [10, 11] Another category of UTIs is a catheter-associated UTI (CAUTI). It is defined as the presence of signs or symptoms of UTI in a patient with indwelling urethral, suprapubic, or even intermittent catheterization with a significant presence of bacteriuria. CAUTI is a serious iatrogenic infection and associated with increased morbidity and mortality in hospitalized and nursing home care patients. [12] Elaborating on CAUTI is beyond the spectrum of the manuscript; however, the authors recognize that UTI from indwelling catheters is a serious complication and must be prohibited by decreasing unnecessary catheterization and abiding by a proper sterile technique while catheterizing patients. [13] ETIOLOGY For a urinary infection to occur, there are many superimposing factors that interplay including host factors, inoculum size, and the virulence of the infecting bug. The first event that leads to a UTI is the inoculation. The most common theorem for inoculation is the ascending route. Enteric bacteria colonize the perineum and ascend into the urethra and bladder. [14] As for the recurrence of a urinary infection, multiple factors play a role. On the microbiological level, one theory is the decrease of peroxide-producing lactobacilli, predisposing to increased colonization with pathogenic enteric bacteria. [15] Another theorem is the formation of intracellular clusters of bacteria that are not sensitive to antibiotics, while others postulate a change in the glycosaminoglycan barrier of the urothelium that makes an individual more susceptible to enteropathogenic infection. [16] EPIDEMIOLOGY Urinary tract infection (UTI) is a significant health-care problem worldwide, often seen in outpatient clinics, emergency department visits, as well as in hospitalized patients. Its estimated incidence approaches 150 million new cases per year. [1] The treatment and diagnosis of UTI accounts for an approximate 6 billion US dollars of expenditures. Bladder infections or cystitis alone accounts for >10 million office visits and 1 million emergency department visits [1, 2] and >2 billion dollars as annual health-care cost in the US alone due to various prescriptions and diagnostic tests. [3] A UTI is twice more likely to occur in women than men over all age groups [3] and accounts for 1.2% of all office visits by women. [4] A third of women are diagnosed with a UTI before the age of 24 years and half develop at least one episode by 35 years of age. [5] Up to 70% of women will suffer from a UTI during their lifetime, and of those, 30% will have recurrent UTIs (rUTIs). [6] Urinary infections carry a big toll on an individual's health including his mental health and sense of well-being. More than half of patients with UTI suffer from clinical depression and 38.5% suffer from anxiety, with a significant improvement in the quality of life after proper treatment and prophylaxis. [7] DEFINITIONS A UTI is an inflammatory response at the level of the urothelium to fight a bacterial infection. A UTI is almost always associated with bacteriuria, the presence of bacteria in urine, and pyuria, the presence of white blood cells in the urine. Bacteriuria can be present without pyuria, which could be due to bacterial contamination or aseptic technique in the urine collection. On the contrary, pyuria can be present without bacteriuria indicating an inflammatory process of the urothelium such as a urinary stone or a malignancy. [8] On an individual level, the risk factors for rUTI vary among young, middle-aged, and elderly women [ Table 2 ]. In young women, spermicide use and frequency of sexual intercourse are the main risk factors evidenced by increased urethral and vaginal colonization. [17] In contrast, older women's predisposing risk factors are high urinary residue, atrophic vaginitis, and cystocele. [18] 
MICROBIOLOGY OF URINARY TRACT INFECTION
A urinary infection is rarely secondary to an underlying structural abnormality but rather the interaction between uropathogens and the normal urothelium. This interaction occurs as a result of the colonization of the vaginal and periurethral area with uropathogens originating from the gut. For unknown host factors, probably genetic, women who tend to have rUTI have an inclination to have a prolonged and heavier colonization with uropathogens. [19] One of the main bacterial virulence features is the binding of the uropathogen to the mucosal cellular layer. It has been well studied that Escherichia coli type 1 fimbria is heavily associated with cystitis, and other pathogenic-fimbriated strains are associated with pyelonephritis. Furthermore, these pathogenic fimbriae are associated with persistent colonization of the urothelium and eliciting an inflammatory response. [20, 21] It has been also theorized that these bacteria can mature into biofilms in the urothelial barrier to cause recurrence of infections and elude the host immune system. [22] 
NONANTIMICROBIAL THERAPY
The rationale behind nonantimicrobial therapy stems from two main drawbacks of the antimicrobial prophylaxis for rUTI. The emergence of resistant strains in the urine and failure to fully eradicate microorganisms are always crucial to take into consideration for any antimicrobial therapy. [23] a. Urinary alkalization has been proposed as an intervention to decrease rUTI. It is achieved by administration of alkalinizing agents such as potassium citrate. A Cochrane meta-analysis found multiple trials adopting urinary alkalinization as a method to avoid urinary infection. Nonetheless, none of those trials reached a significant conclusion to adopt such therapy [24] b. Another preventive therapy proposed is utilizing Lactobacillus probiotics. The rationale is the formation of vaginal barrier to pathogenic bacteria. Conflicting results have been published with no concrete conclusions [25] c. Cranberry has long been associated with the treatment of rUTI. It is composed of shrubs from the subgenus Oxycoccos and possesses antioxidative properties as well as inhibiting the binding of P-fimbriae of uropathogens to the urothelium. [26] A 2012 Cochrane review showed that there was no significant reduction in the incidence of UTI in the subgroup of patients with recurrent cystitis using cranberry products [27] d. Topical estrogens have been extensively investigated and have been shown to decrease rates of rUTI. With the decrease in circulating estrogen, physiologically with aging, there is a decrease in vaginal Lactobacillus and increased risk of colonization by uropathogens such as enterococci and Gram-negative rods. [28] Recent Cochrane analysis shows that topical estrogen decreases the risk of rUTI without increasing risk for breast or endometrial cancers in women, but does have local side effects like irritation. Alternatively, systemic estrogens do not decrease rUTI rates. [29] When treating with estrogen, clinicians have to be aware of contraindications including endometrial and breast malignancies, thromboembolic events, or liver dysfunction. [18] 
VACCINES
Vaccines have been proposed with the concept that they may trigger a patient's innate and humoral immune response against urinary pathogens. [30] Different formulations have been proposed, both vaginal and oral, with the oral formulation being the most widely used and investigated. Uro-Vaxom, or OM-89, is an oral vaccine, encompassing 18 different strains of lyophilized lysates of E. coli. A relatively recent meta-analysis on Uro-Vaxom has confirmed its efficacy for the treatment of rUTI. [31] The administration protocol adopted is usually 1 capsule per day for 90 days as induction treatment, then stopped for the next 3 months, and when intended as consolidation treatment, will be given 1 capsule per day for the first 10 days of every month, for 3 consecutive months. Vaginal vaccines are not in clinical practice yet and lack sufficient evidence. [25] 
SPECIAL CONSIDERATIONS -PREGNANCY
UTI is of paramount importance in pregnant women, given that bacteriuria in the presence of pregnancy could lead to complications and miscarriage. UTI is the second most common pathology affecting pregnant women after anemia and, at the same time, the most common infection in this subgroup of patients. Approximately 5%-10% of women will develop UTI during their pregnancy, and it is estimated that out of all admissions of pregnant women, 5% is attributed to UTIs. UTIs, if mismanaged, can significantly increase the risk for pyelonephritis secondary to pregnancy-related adaptive changes in the urinary tract, resulting in serious maternal and fetal complications such as preterm labor, low birth weight, or maternal systemic infection. [32] Bacteriuria during pregnancy may be classified as asymptomatic bacteriuria (ASB), infections of the lower urinary tract (cystitis), or infections of the upper urinary tract (pyelonephritis). [33] Our current focus will be on the formal classification.
ASB is the presence of a positive urine culture without any clinical manifestation. ASB incidence is estimated to be 2%-13% and similar in both pregnant and nonpregnant women. [34] One in three pregnant patients suffering from acute cystitis was found to be previously diagnosed with ASB. [35] Unlike the general female population, ASB in pregnant women always requires treatment in order to reduce the possible maternal and fetal risks. Of particular interest and concern is the presence of Group B Streptococcus (GBS), specifically the Streptococcus agalactiae strain in urine culture, which is present in 2%-10% of all ASB cultures. Such strain carries a high risk for premature rupture of membranes, preterm labor, and significantly increases the risk for neonatal infection by 25-folds. [32] In a recent meta-analysis conducted in Iran including 31 studies involving 20,309 patients, the prevalence of ASB in pregnant women was estimated to be 8.7% (95% confidence inter val [CI]: 7.2-10.4), with the lowest and highest prevalence noted in the third trimester (6.1% [95% CI: 2.1-16.4]) and first trimester (11.7% [95% CI: 7.9-16.9]), respectively. The most common isolated microorganism involved in the etiology of UTI (61.6% [95% CI: 51.6-70.7]) and ASB (63.22% [95% CI: 51.2-73.8]) was E. coli. [36] As such, European and North American clinical practice guidelines recommend screening for ASB as a routine pregnancy test. Antibiotic treatment of ASB in pregnant women is supposed to reduce maternal upper UTIs, precluding preterm labor. [37] The present guidelines recommend the identification of GBS from swab samples collected from the vaginal vestibule and rectum of every pregnant lady at the 35-37 th week of gestation; unless previous urine cultures during pregnancy showed S. agalactiae, then a follow-up culture is not recommended. Once identified at any stage during pregnancy, a peripartum antibiotic prophylaxis is needed, even in patients with negative swab cultures later on. [38] ANTIMICROBIAL THERAPIES
Overview of antibacterial agents
The cornerstone of treatment of any bacterial infection, including a UTI, is antimicrobial therapy. Since UTIs are very common, especially in women, it is imperative that controlled use of antibiotics is initiated for treatment. It is the role of the clinician to treat his patients adequately while practicing proper antibiotic stewardship by adhering to practice guidelines. The type and duration of antimicrobial therapy depend on the site and severity of infection and host/bacterial factors. For example, in cases of prostatitis and epididymo-orchitis, proper tissue concentration of antimicrobials has to be taken into consideration. General treatment strategies to eliminate an infection are the judicious use of antibiotics, ensuring adequate hydration, and relieving any urinary obstruction or foreign bodies.
For acute uncomplicated UTI, the Infectious Diseases Society of America (IDSA) advocates the use of nitrofurantoin, trimethoprim-sulfamethoxazole (TMP-SMX), or fosfomycin for 3-5 days. [39] i. Nitrofurantoin is a well-known medication to clinicians with a tolerable side effect. A well-known eradicator of E. coli, nitrofurantoin, is otherwise less active against other Gram-negative rods such as Klebsiella and Pseudomonas. [8] Although their incidences are rare, ordering physicians must keep in mind the possibility of detrimental, but rather infrequent, risk of pulmonary fibrosis and interstitial pneumonitis, especially in predisposing patients such as those with chronic obstructive pulmonary disease [40] ii. TMP-SMX has an excellent eradication rate of UTIs.
The caveat in using this agent in clinical practice is the antibiogram and the resistance pattern noted in a specific region/institution being used in a sense that it is only recommended when the resistance rate is <20%. [39] Patients with sulfa allergy cannot receive this drug due to the SMX component iii. Fosfomycin is appropriate for treatment of an uncomplicated UTI; however, its activity might be inferior to other antimicrobials [39] iv. Quinolones have long been associated with the treatment of UTIs. However, for uncomplicated UTIs, specialists prefer refraining from its use due to increasing resistance rates in communities and the need to preserve it for more complicated UTIs. [39] 
Failure of bacterial eradication
Follow-up urinary culture and urological evaluation are usually unneeded for patients who respond to first-line treatment of an uncomplicated UTI. [8] If a patient does not respond to first-line antimicrobials prescribed, many causes must be considered. The causes for inability to eradicate a simple UTI are (1) initial or acquired bacterial resistance, (2) different bacterial species infecting the urothelium, (3) azotemia, and (4) urologic structural abnormalities. [8] The most common cause, however, is bacterial resistance. In these cases, clinicians can obtain a second urine culture and might consider quinolones or cephalosporins. [8] Recently, extended-spectrum β-lactamase (ESBL)-producing bacteria have been emerging even in the ambulatory setting, with up to 7% of community-acquired UTIs due to ESBL-producing bacteria. In this situation, antibiotics must be tailored according to the urinary culture antibiogram, with utilization of carbapenems in certain situations. [40] 
INTRAVESICAL ANTIBIOTICS
The fact behind intravesical use of antibiotics is novel and been extrapolated from other routes of administration, other than the usual oral or intravenous administration. It has been noted that the number of multidrug-resistant bacterial strains are increasing worldwide, and this poses a threat to clinicians along with the lack of development of new antibiotics. This has shifted attention to utilizing older class of drugs that were abandoned due to their toxicity when administered intravenously. The presence of those old class antibiotics in high concentration in body fluids is considered otherwise safe and has been made utilized in the form of aerosols to treat lung infections in patients with cystic fibrosis and intrathecal or even intraventricular administration to treat meningitis.
Instillation in the bladder for UTIs has been reported to be effective. An example would be intravesical instillation of colistin in treating UTI caused by Acinetobacter baumannii or Pseudomonas aeruginosa. Although the type of publications about intravesical instillation are either case reports or case series, intravesical instillation has shown to be effective in decreasing the rate of recurrent infections. [41, 42] Another antibiotic used in a similar fashion is gentamicin. A recent prospective trial from The Netherlands was published, encompassing an overnight intravesical instillation of gentamicin for 6 months in 63 adults with rUTIs caused by multidrug-resistant pathogens. The results were a reduction in the number of UTIs from 4.8 to 1.0 episodes, during the intravesical treatment. The resistance rate of the uropathogens decreased from 78% to 23%, and no clinically relevant side effects were observed. [43] Also reported is a significant decrease in frequency of symptomatic urinary infections, along with respective emergency department visits and hospital admissions, for those with neurogenic bladder maintained on clean intermittent catheterization, with the use of intravesical antibiotic instillation. [44] In general, intravesical antimicrobial instillation seems effective in treating rUTIs, especially in the short-term period, and would help clinicians in finding alternatives to treatment, especially in those who developed resistance to other forms of systemic treatment. [45] 
ANTIMICROBIAL PROPHYLAXIS
The authors advocate the treatment of a UTI in patients with recurrent episodes only after taking a pretreatment urine culture. Choice of antibiotic therapy should be tailored according to the patient's previous cultures, local resistance patterns, patient's allergy status, side effect profile, as well as cost. When a patient is diagnosed with rUTI, we advocate the initiation of a 6-12-month course of low-dose antimicrobial agents. The IDSA advocates the use of a single strength TMP-SMX (40/200) or nitrofurantoin 50-100 mg daily. Even though quinolones (ciprofloxacin 250 mg daily) is proposed by the IDSA, we suggest preserving quinolones for complicated cases due to increased resistance pattern and its association with ESBL Enterobacteriaceae. [46] Behavioral modifications are as well of paramount importance in this population such as limiting use of spermicides, postcoital voiding, increasing fluid intake, and avoiding distention of the bladder. [25] The authors propose a workup to identify causes of rUTI [ Figure 1 ]. History taking can identify modifiable behaviors that can decrease the risk of recurrence [ Table 3 ]. [13, [47] [48] [49] A physical examination can identify if there is a significant vaginal atrophy, which is a known cause of rUTI. Postvoid residual urine can be a nidus for bacterial overgrowth and inadequate eradication of bacteria. [50] Therefore, a postvoid bladder scan can identify a significant postvoid residual urine. If present, we suggest extending the workup with either a formal ultrasound examination of the kidneys and bladder and/ or a diagnostic cystoscopy under local anesthesia.
ANTIBIOTIC STEWARDSHIP: THE PATHWAY TOWARD ADEQUATE TREATMENT AND PREVENTION
Antimicrobial stewardship compliance is of the utmost importance when treating patients with recurrent infection. First, the physician must abide by the duration of therapy of not >5 days for the treatment of an uncomplicated cystitis, since overtreatment not only increases resistance rates but also increases recurrences due to loss of protective flora. [51] We strongly discourage treatment of asymptomatic bacteriuria in the general population due to the risk of increased antimicrobial resistance. [52, 53] More and more, we are encountering in our practice-resistant bugs that are mainly due to the misuse and overuse of antibiotics. Clostridium difficile infections of the colon have also been implicated in antibiotics for UTIs, more commonly cephalosporins and fluoroquinolones. [25] The IDSA does not recommend fluoroquinolones nor cephalosporins for the treatment of uncomplicated cystitis as first-line agents. These classes are associated with resistance-and ESBL-producing organisms and increase recurrence rates by changing the periurethral and vaginal protective flora. [51] However, the authors do acknowledge that these medications are indispensable for resistant bugs and in cases of complicated UTI. Therefore, it is the responsibility of all prescribers of antibiotics to take into consideration not only the eradication of infection but also the collateral damage in choosing the antibiotic duration.
SUMMARY AND RECOMMENDATIONS

Antimicrobial prophylaxis
• Behavioral modifications are advised before initiation of continuous prophylaxis • Confirmatory with negative urine culture before starting continuous prophylaxis • Trial of nonantimicrobial measures should be tried prior to initiation • Choice of antimicrobial should be individualized • Postcoital prophylaxis is encouraged in sexually active women.
Nonantimicrobial interventions
• Cranberry products have some efficacy in decreasing UTI rates • Intravaginal probiotics can be used • Uro-Vaxom has proven efficacy and can be tried • Avoid the use of spermicide for contraception • Vaginal estrogen is well studied and should be used for postmenopausal vaginal atrophy • Proper perineal care and wiping front to back. [54] Financial support and sponsorship Nil.
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